The laser plays a significant role in the lung parenchyma sparing resection for pulmonary neoplasms. The high performance Nd: YAG laser system emitting the 1318 nm wavelength exclusively up to a power of 120 W was used, consisting of the thin flexible quartz fibres (400 μm) with low water content and a four lens focusing handpiece.
Introduction
It is well-known that the incidence of lung malignancies increases. The increase of primary lung cancer is especially alarming. Cancer Research (2012) . But the lung is also a target organ for other secondary malignancies, such as metastases of different origins. For the primary lung cancer, the therapy of choice is its radical resection (together with systematic lymphadenectomy).
For pulmonary metastases, less radical resections are necessary. Both could be challenging for thoracic surgeons in case of limited lung function and in the case of multiple bilateral lung nodules -metastases. Furthermore, the newly detected lung tumor is in most cases diagnosed in elderly, active smokers with a limited lung function and significant comorbidity. Therefore, the abovementioned planned radical resection in these "limited" patients is not possible. Thoracic surgeons face apparently a dead-lock situation having to operate radically and sparing enough functional lung parenchyma at the same time.
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This paper is dedicated to this topic; the management of the lung segmental resection for pulmonary tumors by a new laser system of 120 W power output within its lung parenchyma-sparing manner.
Patients and Methods
Between February 2009 and August 2012, 31 patients (18 males, 13 females, mean age 69.7 yrs range 54 -85) underwent Laser Segmental Resection (LSR) in our Institute. The indications for LSR were: non-small cell lung carcinoma (NSCLC) in 19 and pulmonary metastases in 12 patients. Fig.1 . The most detected histologic type of NSCLC was adenocarcinoma (n=11), followed by squamous-cell carcinoma (n=6) and largecell carcinoma (n=2). The Tumor Stage is shown in Figure 2 according to the newest, revised TNM Classification from 2009. Goldstraw et al (2007) . The lung metastasis of the colorectalcarcinoma (n=8) was the main indication for pulmonary metastasectomy. The metastases of breast cancer (n=2), melanoma and analcarcinoma (one in each) completed this indication group. Fig.1 . In all of these metastases-patients (n=12), the LSR was performed after fulfilling the standard criteria for pulmonary metastasectomy: primary tumors were radically removed and there were no evidence of any distant extrathoracic metastases. The systematic hilar and mediastinal lymphadenectomy was routinely added to the parenchyma-sparing segmental procedure.
All LSR were performed by the new Nd.YAG laser system of 1318 nm wavelength and up to 120 W power output. Fig.3 . This high performance Nd: YAG laser system consisted of the thin flexible quartz fibres (400 μm) with low water content and of a four lens focusing handpiece. As already stated above, this new laser system was exclusively used in all patients undergoing a lung parenchyma sparing resection in our study. The description of this new laser system is presented within the next Chapter. Resecting the lung by any kind of photothermal application, the surgeon must be always aware of causing fistulae, leaks and bleedings from the bronchovascular pulmonary structures. Particularly when dissecting lung parenchyma, the deeper one proceeds down in central direction, the higher the risk of intraoperative bleeding and opening bronchopleural fistulas. Therefore, lung parenchyma requires a laser with a powerful coagulation capability in addition to excellent cutting properties, given the high vessel density. Due to its parenchymal tissue containing a typical water content of 80% but a very low tissue density (just a fifth of the liver parenchyma), a very low heat capacity and a variable air content, the lung is an ideal organ for laser intervention. The absorption behavior of different lasers in water differs a lot. Bayly et al (1963) ; Bramson (1968) ; Dinstl et Fischer (1981) .
The 1318 nm wavelength Nd:YAG laser significantly differs from the standard one (1064 nm wavelength) by its ten times higher absorption in water. The 1318 nm wavelength laser still offers sufficient laser light scatter, due its proximity to the beginning infrared spectrum, to satisfy the vital coagulation requirement as well. In fact the 1318 nm wavelength perform the intended combination effect -cutting capability plus coagulation capability -as perfectly as it could not be achieved with the 1064 nm wavelength. Rolle el al (1988) ; Rolle et al (1989) . As a welcome side-effect, the strong lung tissue shrinkage provides two additional advantages: mechanical reinforcement of the coagulation effect and fistula sealing central far in the lobe region. In fact, the surfaces coagulated and sealed off through defocused irradiation with the 1318 nm laser withstand artificial ventilation pressures of up to 25 cm H20.
From the above mentioned the significant technical advantage of the new laser system is more preferable compared to the other laser and/or "classic" electrocautery systems. Especially for such a precise resection as the lung segment resection, the exact anatomical resection within its anatomical boarders is required. The detailed laser segmental lung resection is being introduced within the next Chapter. To conclude this Section, the special safety requirements by using a laser system have to be mentioned. The whole personnel is informed/ trained for the use of laser. They are wearing the special goggles for eye protection during the entire procedure, and for the smoke evacuation (caused by the photothermal laser intervention) the higheffective smoke-suction system is necessary as well as the efficient room air-conditioning. A special signs marking the laser operating room, visible to for the whole personnel illuminates while the procedure lasts.
Surgical Technique, Report of the Case
Laser segmentectomy is performed via an anterolateral muscle-sparing thoracotomy after fulfilling the standard indication criteria for a lung cancer resection (histologically confirmed lung tumor in its functional and oncologic operable stage). Preoperative evaluations are the same as for a routine thoracic intervention; including a history and physical examination, chest computed tomography (CT), pulmonary function tests, and a PET scan. If there are positive mediastinal lymphatic nodes proved by the test, a video-mediastinoscopy in order to clarify the N2/N3 status is added prior to the resection.
Next, a case report presents the technique of laser segmental lung resection. A 75 year old female patient with histological confirmed Adenocarcinoma of the left lower lobe was evaluated for a lung resection. Because of the patient's significant comorbidity (ischemic heart disease, arterial hypertension, diabetes mellitus) and poor lung function (COPD, active smoker with history of 30 Pack/Years, FEV1 45%), the limited lung resectionLaser resection of the Segment 6 -was performed. After the mobilization of the lung hilus, the segmental vessels and bronchus were mobilized on vessel loops. Fig.5 . After this step, the lung parenchyma resection was performed by the laser system within the anatomical boarders of the Segment 6. Fig.6 . The visceralisation (reapproximating the visceral pleura with a running absorbable suture /4-0 Vicryl/) in order to restore the architecture of the lower lobe followed. This technique avoids a distortion of the lung tissue and allows a consistent orientation and palpation of the lung parenchyma. At the end of the procedure, the resected lung was re-insuflated by a standard way in accordance with the routine thoracic surgical practice. Radical lymphadenectomy is routinely added to this procedure. 
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The patient is now 2 years after the procedure, without any signs of tumor recurrence. The histological examination of the resected specimen has proved an Adenocarcinoma of the lung 3 cm of diameter, radically (R0) removed via the laser resection of the Segment 6.
Fig. 6: Laser Segmental Resection within the Anatomical Boarders of the Segment 6.
The resected specimen as well as the patient's postoperative CT scan is shown in Figure 4 .
Results
In all patients (n=31) the laser segmental lung resection was performed by the above mentioned presented technique. A tumor negative bronchial (vascular) margin proven by frozen section analysis as well as by definitive histo-pathological examination was achieved in all. The distribution of resected lung segments is presented in Table 1 . The TNM Stage is illustrated by Figure 2 .
No intraoperative mortality was recorded. One 68 year old male patient died on 6th postoperative day due to the heart failure in accordance with his significant comorbidity (COPD, Lung Emphysema FEV1 64% RV 250% TLC 140%, ischemic heart disease with the chronic right heart insufficiency, pulmonary hypertension). The postoperative morbidity for all patients is presented in Table 2 . The most common complications after the laser segmental resection were prolonged air leakage longer than 7 days in 5, as well as prolonged pleural effusion in 3 patients. The thoracoscopic decortication was necessary in one patient with pleural empyema developed on the 10th postoperative day. After this redo procedure the further postoperative course of this patient was then uneventful. In none of these patients a bronchial stump insufficiency or bronchial fistula was recorded. 
Discussion
The technique of conventional lung segment resection, so called segmentectomy, is well known from the pioneer age of the thoracic surgery (pneumoftiseology) when the apical sublobar lung resections were performed for lung tuberculosis. Joseph LoCicero III (2005) . Nowadays, those resections are not so widely spread due to their "not enough radicalism" for lung cancer cases. Ginsberg R.J. and Rubinstein L.V. (1995) .
However, as it is already stated in the Introduction, these resections will gain more and more importance due to their lung parenchyma-sparing effect and the improving results on early postoperative morbidity and mortality. Keenan et al (2004) ; Harada et al (2005) .
In this place, it should be emphasized that the segmental resection is also an anatomical lung resection as the lobectomy. It respects the anatomical structure of the lung with its bronchial and vascular composites together with its lymphatic flows.
A significant role in the technique of the segmental resection belongs to the laser system. Its cutting effect enables the thoracic surgeon to perform this kind of resection exactly within the anatomical boarders of the pulmonary segment. Therefore it is feasible also for segments where the "classical" segment resections can only hardly be obtained, e.g. segment 3, 9, 10 etc.
The laser lung parenchyma sparing procedure also raises the question of local tumor recurrence following this kind of thermic resection. In our recent study we could not demonstrate any case of local tumor recurrence due to the mid term follow-up (median only 15 Months). For the further investigation more long-term follow up together with more series of operated patients are needed.
However, in one of our earlier studies we could demonstrate that the tumor recurrence rate after laser segmentectomy does not significantly differ from those ones after the standard lobectomy procedures (29% vs. 26%, p=0.696). Pereszlenyi et al (2006) .
To conclude, we are convinced that radical surgical resection is still the therapy of choice in NSCLC treatment. However, laser segmental lung resection represents an optimal treatment eventuality especially for those high risk patients in whom the standard resection -lobectomy is not feasible or performable. 
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